TITLE OF THE INVENTION 



Method and device for measuring process parameters of a material working 

process 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and a device for measuring process 
parameters of a material working process. 

High energy beams, in particular laser beams, are used in different ways for 
material working purposes, for example for cutting, boring and welding differ- 
ent types of material and workpiece geometries. What is common to all proc- 
esses is that prior to the working process the workpiece is melted and/or par- 
tially vaporized. Conversion of the material to be worked into different states 
of aggregation frequently leads to material defects and process changes dur- 
ing material working. In particular processes during which the material passes 
through all three states of aggregation, namely the solid, liquid and vapour- 
ous states of aggregation, are influenced by a plurality of process parameters. 

Below the process parameters influencing the weld geometry during laser 
welding are stated by way of example: 

Weld preparation: 

for example edge preparation, material pairing, type of joint 
Process control: 

for example employment of an additional wire, rate of feed, inert and 
operating gas 



Properties of the working means: 

for example guiding of the laser beam, optical focusing device, repro- 
ducibility of weld track 

Process parameters of the laser means: 

for example laser performance, stability of laser performance, beam 
quality 

Further, the development in the automobile sector necessitates more and 
more complex working geometries which require guidance of the high energy 
radiation. 

To guarantee reproducible working quality, on-line monitoring of the working 
process is required during which the relevant process parameters are meas- 
ured and used for controlling the material working process. 

From DE 197 41 329 C a method and a device for metal working using 
ptasma-induced high energy radiation is known where the area of the vapour 
capillaries is monitored for example by a CCD camera for the purpose of con- 
trolling and monitoring the working process. In this connection it is envisaged 
to monitor the area of the vapour capillaries at at least two measuring points 
to obtain different capillary geometry sizes. Specific areas of the picture taken 
by the CCD camera are evaluated for determining the capillary geometry 
sizes. Since all picture data must be transmitted to the evaluation means first, 
measurement at high monitoring frequency is not possible. Further, the 
known process does not allow the vapour capillary environment to be moni- 
tored such that further independent monitoring and control systems are re- 
quired for optimized process control. 

It is the object of the present invention to provide a method and a device of 
the aforementioned type for simultaneously acquiring a plurality of process 
parameters at a high monitoring frequency using a single monitoring means. 



SUMMARY OF THE INVENTION 



The present invention advantageously provides an optical sensor having a dy- 
namic range of more than 70 dB. Such a sensor is capable of simultaneously 
sensing the area of the vapour capillaries, the melting zone surrounding the 
vapour capillaries and possibly also a border zone surrounding the melting 
zone, and allows the measuring signals to be evaluated despite the high con- 
trast range of the picture produced. This allows measuring signals from differ- 
ent sections of the picture field to be simultaneously evaluated for the pur- 
pose of determining the process parameters. Since only the measuring signals 
of sections of the picture field are transmitted to the evaluation means a high 
monitoring frequency of more than 1 kHz is attainable as the amount of 
measuring signal data used for evaluation purposes is kept small. 

In the picture field sensed by the optical sensor preferably different freely se- 
lectable picture sections are defined with exclusively the measuring signals of 
these picture sections being simultaneously evaluated for the purpose of de- 
termining different process parameters which are to be monitored. 

Free selection of the picture sections allows a maximum of flexibility with re- 
gard to configuration of a monitoring system. Monitoring of specific areas of 
the melting zone is of importance insofar as the molten mass is fed from the 
hotter region around the vapour capillaries to the more distant end of the 
melting zone. Here said molten mass cools down and solidifies. Obviously the 
hot material is transported at irregular intervals, which affects solidification of 
the molten mass and may lead to discontinuities and defects in the weld. Thus 
monitoring of the solidification front at the end of the melting zone is essential 
with, regard to detection of defects occurring in connection with material 
solidification, for example surface roughness, weld convexity, holes, surface 
pores etc. Detection of such defects would not be possible by monitoring the 
vapour capillaries alone. 



Measuring signals of picture sections showing the area of the melting zone in 
front of and at the side of the vapour capillaries may be used for detecting 
defects occuring during weld preparation. 

Measuring signals of picture sections showing the area of the melting zone 
upstream of the working zone, as seen in the working direction, or the border 
zone upstream of the melting zone may be used for measuring the weld loca- 
tion and for controlling the laser position or workpiece position. A combination 
of capillary monitoring, weld zone monitoring and weld tracking offer the user 
the advantage that all monitoring and control functions can be performed with 
a single monitoring and control system, which also facilitates operation of the 
control unit. 

The penetration depth of the high energy beam can be detemined from a re- 
duced number of pixies of a picture section showing the center of the vapour 
capillaries. 

The measuring signals of a picture section showing the melting zone down- 
stream of the vapour capillaries, as seen in the working direction, and/or a 
border area downstream of the melting zone, as seen in the working direc- 
tion, may be used for measuring the surface topography of the workpiece 
subjected to the working process. 

For special monitoring tasks it is possible to provide a filter in addition to the 
optical sensor in the beam path such that light with predetermined wave- 
lengths can be filtered. 

A CMOS camera is preferably used as optical sensor. The CMOS technology 
allows pixies of the picture field to be evaluated independently of the overall 
picture whereby the amount of measuring signal data can be advantageously 
reduced to a minimum. It is not necessary to acquire all measuring signal 
data first and then to selectively evaluate them. In this way a high monitoring 
frequency of more than 1 kHz is attainable. 
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For this purpose preferably an optical sensor having a dynamic range of more 
than 100 dB is used. 

The focal position of the high energy beam can be determined by measuring 
the change in light intensity in a linear or rectangular picture section which 
linearly extends through the vapour capillaries and the two neighboring melt- 
ing zones. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Hereunder embodiments of the present invention are explained in detail with 

t j 

m reference to the drawings in which: 

S 

□ Fig. 1 shows a diagrammatic representation of a device according to 

i\ the invention, 



□ 
S 



Fig. 2 shows the picture field produced by a CMOS camera showing se- 

lected picture sections, 

Fig. 3 shows an example of determination of the focal position of a la- 

ser light beam, and 

Fig. 4 shows examples of different working defects. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 shows the working of a metal workpiece 8 using a laser beam 2 which is 
focused onto the workpiece 8 with the aid of a reflecting mirror 4 and a focus- 
ing mirror 6. A CMOS camera 10 having an optical device 12 is arranged 
above the focusing mirror 6, the camera monitoring the working zone of the 



workpiece 8 coaxially to the focused laser light beam 2 via the focusing mirror 
6. For this purpose the focusing mirror 6 may be provided with a correspond- 
ing perforation which allows passage of the beam or may be at least partially 
transparent to the monitored light wavelengths. The drawing diagrammati- 
cally shows a measuring beam 3 within a measuring cone 5 of the CMOS 
camera 10, the measuring beam 3 sensing vapour capillaries 14 in the work- 
piece 8 with regard to the emitted light intensity. Said vapour capillaries 14 
are produced by heating and vaporization of the workpiece 8 material and 
form a deepened portion in the workpiece 8, whose capillary geometry size 
values are evaluated with the aid of the CMOS camera 10 and an evaluation 
device 18 for the purpose of process control. Beyond the beam 3 path the 
measuring cone 5 of the CMOS camera 10 senses, prior to the working proc- 
ess and in the area of the weld 17, a picture field which does not only show 
the vapour capillaries 14 but also the melting zone 20 surrounding the vapour 
capillaries 14 and a border zone beyond the melting zone 20. The plasma 
cloud 31 shown in Fig. 1 is transparent for the purpose of the envisaged 
measurements. 

As can be seen from Fig. 1 it is assumed in the diagrammatic representation 
that the workpiece 8 is moved relatively to the high energy beam 2 in the di- 
rection indicated by an arrow. Of course, the workpiece 8 may also be sta- 
tionary and moved into the means for producing high energy beams, for ex- 
ample a laser means. 

Between the CMOS camera 10 and the focusing mirror 6 a filter 15 may be 
arranged if certain light wavelengths are to be excluded from the measure- 
ment. 

The CMOS camera 10 has a dynamic range of approximately 120 dB such that 
both the gaseous phase and the melting phase and possibly also the solid 
phase of the workpiece 8 can be simultaneously monitored and measured 
during the working process. 



The CMOS technology allows individual pixies to be evaluated independently 
of the overall information of the picture field such that only certain freely se- 
lectable picture sections within the picture field scanned by the camera and of 
the picture produced by the camera 10 are transmitted to the evaluation 
means 18 for evaluation purposes. For on-line determination and evaluation 
of all process variables required for monitoring and control at a monitoring 
frequency of at least 1 kHz a data reduction is performed. This is done on the 
basis of specific features which are characteristic of the corresponding process 
variables. 

For example, the penetration depth of the laser beam 2 entering the work- 
piece 8 can be determined on the basis of a few pixies, the radiation from the 
center of the vapour capillaries 14 being projected to said pixies. 

Fig. 2 shows the picture field monitored by the CMOS camera 10 including the 
area of the vapour capillaries 14, the area of the melting zone 20 and the 
border area surrounding the melting zone 20. The picture distinctly shows the 
vaporous, liquid and solidified areas. The area of the vapour capillaries 14 
may include a plasma cloud 31, as can best be seen in Fig. 1. 

Monitoring of the solidification front at the end of the melting zone 20 may be 
of importance for detection of defects occurring in connection with material 
solidification. For example, such defects may include surface roughness, weld 
convexity, holes or surface pores. 

Such working defects occur during material solidification in the molten pool of 
the working process. They generally occur in the zone of direct interaction 
between the laser beam 2 and the workpiece 8 but normally the occurrence of 
said defects cannot be monitored in this zone. Insofar simultaneous monitor- 
ing of the melting zone 20 or specific picture sections of the melting zone 20 
is of great importance. 
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In Fig. 2 various picture sections 23 to 30 are shown which are designed to 
monitor different process parameters of the working process. For example, 
the picture section 27 serves for the detection of defects occurring during 
weld preparation. In this case monitoring may be limited to the picture sec- 
tion 25. To allow rapid on-line monitoring only the pixies of the correspond- 
ingly selected areas are analysed by means of simple algorithms, such as the 
overall intensity of the area or the intensity difference between two pixies. 
With the aid of picture sections 26 and 28 the penetration depth of the laser 
beam can be monitored. Using the picture section 28 a considerable reduction 
of the amount of data can be carried out, for example by a row of pixies 
monitoring the vapour capillary 14 area transversely to the working direction. 
Using picture section 24 a positioning error as is shown below on the right in 
Fig. 4 can be detected. 

By means of picture section 30 the surface topography of the solidified work- 
ing zone downstream of the melting zone 20 can be monitored. 

Picture section 23 can for example be used for weld tracking such that during 
the working process complicated contours can be tracked by scanning a pre- 
determined track and correspondingly controlling the laser beam 2. 

By means of picture section 29 which may be congruent with the picture sec- 
tion 28 but may also extend at an angle to picture section 28 the focal posi- 
tion of the laser beam can be monitored. For this purpose a narrow picture 
section extending transversely through the vapour capillaries 14 is selected. 

Fig. 3 shows four different focal positions, and above the graphical represen- 
tation the measuring signals are shown over the length of picture section 29. 
The first derivation of the measuring signal values is used for evaluating the 
focal position, that is the rate of change in the light intensity along picture 
section 29. The picture on the right side in Fig. 3 shows the optimum focal 
position which is characterized by two pronounced maximum values. In this 
connection reaching of a maximum value is monitored. 



Fig. 4 shows four applications of the process described. The picture at the up- 
per left in Fig. 4 shows the correct position of the two workpieces 8,9 to be 
welded with a third heat-sensitive part 11 being arranged below the second 
workpiece 9. In this case it is of importance that the penetration depth of the 
laser light beam 2 is exactly monitored. 

The picture at the upper right in Fig. 4 shows a defect which occurred during 
weld preparation, i. e. the workpieces 8 and 9 to be joined with each other 
extend at an angle a to the axis of the laser light beam 2. In this case moni- 
toring of the focal position helps to easily detect whether the focal position 
has changed and thus the workpieces 8,9 have been incorrectly clamped. 

The picture below on the left in Fig.- 4 shows an undesired offset between the 
first workpiece 8 and the second workpiece 9 such that undesired full penetra- 
tion welding may occur in the working zone. Such a working defect can for 
example be detected with picture section 27. 

The picture below on the right in Fig. 4 shows a working defect, namely the 
laser light beam erroneously touching the second workpiece 9. Such a work- 
ing defect can be detected via picture section 24 shown in Fig. 2. 

Although preferred embodiments of the invention have been specifically illus- 
trated and described herein, it is to be understood that minor variations may 
be made in the device and method without departing from the spirit and 
scope of the invention, as defined in the appended claims. 



